Welded tubular structures are widely used in many constructions, such as offshore platforms, which are all consisted of welded tubular members. There is a stress concentration at the intersection between chord and brace. When subjected to loads, a crack exists in the weld toe at the intersection. Then the propagation of the crack leads to failure of the joint. So the static strength of rectangular hollow section (RHS) T-joints with local chord reinforcement under in-plane bending load is investigated by using finite element method. To study the effect of the chord reinforcement of a RHS T-joint, overall 18 T-joint models with different chord reinforcements have been analyzed numerically. This paper presents the results of a detailed parametric study of the static strength of in-plane bending loaded tubular T-joints with reinforced chord. The study, carried out using nonlinear finite elements, demonstrated the accuracy of the finite element analysis to investigate the effects of different geometric parameters which influence the static strength of the stiffened joints. It is found that the effect of the chord thickness near the intersection is significant in improving the ultimate capacity of T-joint models. The ultimate strength enhances as the length of the chord reinforcement becomes longer and the chord wall thickness becomes larger. The effect of the chord wall thickness on the static strength of T-joints are remarkable. However, increasing the length of the reinforced chord to improve the static strength of Tubular T-joint is relatively ineffective.
Introduction
Due to the advantages of light weight, high strength, ease of fabrication and fast construction, tubular structures are commonly used in the construction of stadiums, railways, bridges and offshore jacket platforms. Generally, different tubes are usually connected together by welding to form the tubular structures. In most cases, the braces are welded directly onto the chord surface. There is high stress concentration at the intersection because of the discontinuous stiffness along the weld toe. In addition, the welding process can produce residual stress and initial imperfection. Therefore, when subjected to external load, the failure is usually controlled by the local buckling occurred at the chord surface near the weld due to the weak radial stiffness of the chord.
To improve the bearing capacity of the chord, reinforcing measures can be taken in practice. Different reinforcing methods on tubular structures have been reported in the literature, and the most commonly used measures are the doubler plate, collar plate and internally stiffened ring (Choo, Liang, van der Vegte and Liew,2004; van der Vegte, Choo, Liang, Zettemoyer and Liew,2005; Lee and Llewlyn-Parry,2004). All the above reinforcing methods have been proved to be effective in improving the static strength of tubular joints.
In this paper, another method with more potentials of practical application is used to improve the static strength of a tubular joint by increasing the chord thickness locally near the intersection. The most attractive advantage of this method is convenient and effective in practical design and fabrication. Additionally, it is especial effective when there are many members connected to one chord. Hence, it is necessary to carry out some scientific studies on the structural behaviour of Tjoints with such chord reinforcement for optimum design.
Finite element modeling
In the finite element (FE) analysis of a tubular joint, the modelling scheme such as the element type, mesh density, and material properties is very important to obtain accurate numerical results. In this study, the FE software ABAQUS/Standard has been used to conduct the numerical analysis. The geometry of a typical tubular T-joint reinforced by increasing the chord thickness is shown in Fig.1 . The thickness and length of the T-joint are denoted by T c and L c respectively. Some normalized geometrical parameters which are used to describe a T-joint can be found in Fig.1 . 
Element type and mesh density
When carrying out finite element analysis, solid elements are more suitable than shell elements in producing the mesh because shell elements only represent the middle surface. As a result, the shell element has a lower out of plane stiffness and bending stiffness (Chen, 2008) . Additionally, solid elements can be easily used to simulate a tubular T-joint with chord reinforcement. Thus, solid elements are used in present FE analysis.
For each FE model, the element size varies in such a way that relatively refined elements are used where the stress gradient is much higher. 3-D structural solid elements (C3D8I) with 8 nodes are used to model the brace and chord. To obtain more accurate results, the element size is quite small near the intersection of the joint because of high stress concentration, and for the rest of the joint, the FE mesh is coarse.
The effects of the weld and the residual stress on the static strength of the T-joints are ignored in the FE analysis. For the steel material, elasticity-perfect plastic stress-strain relationship is used. The yield strength of the steel material used for T-joints is 235 N/mm 2 .and the Young's modulus is 210×10 3 N/mm 2 . In the FE analysis, both ends of the chord are pinned. At the end of the brace member, a horizontal displacement is applied step by step to simulate an in-plane bending load. The moment is then calculated by multiplying the computed applied load and the distance of the brace end to the intersection. The FE mesh is shown in Fig.2 
Parametric study
In the parametric study, overall 20 T-joint models are analyzed numerically. In these models, 2 un-reinforced and 18 reinforced ones are investigated. Details of these models are given in Table 1 . 
Failure modes
Based on the FE results, there are mainly three failure modes when the tubular T-joints are subjected to in-plane bending load, which can be shown in Figs.3a to 3b respectively. The locations where significant deformations (plastic hinges) occur can be clearly observed for the T-joint model with thin chord reinforcement (i.e. model 1). If the chord is reinforced enough to make its radial stiffness bigger than the flexural stiffness of the brace, then failure occurs on the brace surface close to the brace/chord intersection, which can be seen in Fig. 3(b ). For this model, flexural failure on the brace is dominant. However, failure still occurs on the chord surface when β ratio becomes bigger, which means the diameter of the brace is bigger. This can be seen in Fig. 3(c) . As the flexural stiffness of the brace now becomes much bigger due to the increase of the brace diameter, the radial stiffness of the chord is weaker, and thus failure is located on the chord surface. 
Moment-rotation curves
The numerically determined moment-rotation curves are presented in Fig. 4 . The effects of the reinforced chord thickness ratio T c /T and the reinforced chord length ratio l c /b on the momentrotation curves are plotted in Model A to Model D in Fig.4 . To have a good understanding in the analysis of the T-joints, it is noted that the value of the l c /b is equal to 2.0 for Models A and C. Similarly, the value of the T c /T is set to be 2.0 for Models B and D. For comparison, the momentrotation curves of the corresponding un-reinforced joints are also plotted in the same figure. In the definition of the static strength of a tubular joint under in-plane bending load, the moment referring to a corresponding deformation limit is used as the ultimate moment. Such definition is taken because there is not a pronounced peak load in the moment-rotation curve. The deformation limit is proposed by Yura (1980) , and its value is 80f y /E. In addition, if the moment-rotation curves have a significant peak load, the peak load is used as the ultimate strength.
